ABSTRACT
Introduction
One of the most important problems today of the restorative dentistry is the failure of restorative material to obtain a complete bond with the enamel and dentin, the formation of microfissures, the penetration of ions, molecules, bacteria and fluids into these fissures and the occurrence of postoperative pain, discoloration at the cavity edges, secondary decays and pulpa inflammations.
It has been reported that this phenomenon, referred to as the microleakage, is due to the inadequacy of marginal adaptation between the restoration material and cavity wall (1, 2, 3, 4, 5, 6) .
The microleakage is determined today by many in vivo and in vitro techniques such as; staining, measurement by scanning electron microscope, bacterial activity, decay, air pressure, chemical agents, markers, neutron activation analysis, radioisotope, ionisation, autoradiography, and reversible radioactive adsorption and thermal cyclus application (2, 3, 4, 7, 8) . The staining method is, however, by far the most preferred one.
The types of dye staining and their consentrations are acridine orange (0.1%), toluidine blue (0.25%), erythrosine (2%), methylene blue (0.2%), fluorescent (20%), phosphoric acid (37%), basic fuchsine (0.5 to 2%), silver nitrate (50%), crystal violet (0.05%) and aniline blue (2%) (2, 3, 4, 9, 10, 11, 12) . The significant differences between these methods are suggestive of the fact that a valid method for the determination of the microleakage has not been yet estabilished.
For this reason, it was concluded that a study for assessing the validity of a different approach to determine the microleakage using the biomolecular characteristics of the methylene blue.
Materials and Methods
This in vitro study was planned and carried out at the Paedodontics Department, of Dentistry Faculty, of Dicle University and the microleakage measurements were performed by the Chemistry Department of the Faculty of Sciences of the same University.
Twenty primary molars, were extracted at the Maxillo facial surgery department and were kept at room temperature in 10% formol until the laboratory stage, of the experiments.
All teeth were debrided from their adherent tissues, cleaned by rotary instruments, brush and pumice prior to creation of preparations for the clas V restorations.
The teeth were examined under the Olympus binocular microscope(U.S.A.) for enamel fissures and decays and unsuitable teeth were removed from the studies speciments.
Twenty primary molars selected by this process were randomly divided into two groups of 10 teeth each. Class V cavities were made by Hi-Di 565M diamond burrs at 1/3 of buccocervical surfaces with the following dimensions, 3 mm mesiodistal widths, 2 mm of occlusocervical heigh dimensions and 1.5 mm depths were confirmed with the help of a compass.
All cavities were prepared with watercooled revolving hand tools and a new burr was used after each five cavity.
Restoration of twenty primary molar teeth were made in the following manner:
Group 1: The type 2 light-hardening powder + liquid glass ionomer cement (Variglass VLC of Dentsply, USA) were prepared in accordance with the manufacturer's instructions, applied to the cavity floor and polymerised for 40 seconds with the Heliomat instrument (Type H 2 of Vivadent Company of Schaan, Liechtenstein). Following the completion of polymerisation, all cavities were filled with amalgam (Dentomat 3 of Degusa, Germany) according to manufacturer's instructions.
Group 2: The glass ionomer cement, same as the one used in group 1, was placed in the same manner, polymerised 15 seconds 35% phosphoric acid solution applied to the entire cavity, after then washed and dried.
A dental adhesive primer (Scotchbond of 3M Dental Products of France) was applied to the entire cavity dried with air for 5 seconds then the adhesive was applied to the entire cavity, Following a 15-second light polymerisation, finally filled with a hybrid composite (Valux Plus of 3M, USA) polymerised under light at the restorations were used the incremental technique.
Polishing of the teeth restorated with composite resin were completed using Soflex disks in the same session and the amalgamate restorations were kept in distilled water for 24 hours at 37 ºC in temperature after then polishing was applied to them.
The samples were subjected to a thermal cycle by immersion into water baths 500 times of 5 ºC ±4 ºC and 60 ºC ±4 ºC for 30 seconds each time with intervals of 30 seconds between two immersions (4, 5, 6, 13) .
The root tips were coated and sealed then with sticky wax and the crown and root sections of the teeth received a double coating of nail polish (VEPA nail polish, TR.) in such a manner that there were remained a gap of about 1 mm between restoration and enamel surface around theirs.
All samples were then subjected to staining for 24 hour at 37 ºC in a 2% methylene blue solution and in a thermostatic shaker at the Chemistry Department of the Faculty of Sciences in Dicle University (4, 5, 6) . In our study the surface areas of microleakage were quantitatively measured using the biomolecular characteristics of methylene blue. The measurements were evaluated in both groups through the SPSS 10.0 statistical package programmed controlled by Mann-Whitney U test. The results were found to be different from each other (p<0.001). Median values were used as the averages.
The theory underlying the use of biomolecular characteristics of methylene blue as a different approach for the measurement of microleakage surface areas is the adsorption phenomenon, which is the collection of the molecules, atoms or ions in any solution on the surface of a solid surface when they turn into gas, vapour or liquid phase. The phase keeping them on the surface is called adsorbant which, in our case, are the teeth, and the matter that hold on the surface which, in our case, is the dye, is called adsorbed (14) .
The amount of adsorbed matter was quantity measured by the indirect method, in which the concentration of adsorbed matter is measured before and after the test. The Equation 1:
C a = C 0 -C d where the C a is the adsorbed quantity, C 0 is the initial concentration and C d is the final concentration.
If the isotherm curve showing the relation between C d and C a may be produced, the following equation will give us the adsorbed and coated surfaces:
S is the surface area, V M is the single incremental capacity, M A is the molecular weight, σ is the surface area of a single adsorbed particle and N A is the Avogado constant (15) .
The methylene blue molecule consists of an organic alkali tied to an acid. Its molecular weight is 319.868/mol and the surface area of a single adsorbed particle is 120A 0.2 . Fig. 1 shows the molecular structure of the methylene blue.
The following tools were used: A ST400 thermostatic shaker bath, an Unicam-UV2 spectrophotometer and an EDT.BA 350 pH-meter.
The materials used: The methylene blue used was the Merck 1283.
The basic stage: The stock solution was prepared with 4.75 g/l of methylene blue at pH 6.98 with the help of a H 2 PO 4 -/HPO 4 -2 buffer.
A small quantity of this solution was placed on the spectrophotometer where its maximum absorption wavelength was determined as λ max = 664 nm. A series of solutions was then prepared by thinning, their absorbances were read at the indicated wavelength (Fig. 2) and the calibration curve was drawn on the basis of these data (Fig. 3) .
The absorbance values obtained were placed on the curve and the concentration was directly read. 10 ml methylene blue stock solutions were placed into each of two calibrated balloons and filled to 100 ml. The groups of teeth were then stained at 37 ºC for 24 hours in a thermostatic shaker with 30 shakes per minute, the equilibrium absor- bances were spectrophotometrically read and equilibrium concentrations were calculated with the help of the calibration curve. Using the equation 1, the adsorbed methylene blue quantities for each group were determined with different units ( Table 3) . 
Results and Discussion
Measurement values of the microleakage surface areas of the samples of both groups and the methylene blue molecular counts equivalent to median values are shown in the Table 1 .
In our study, the microleakage surface area measurement values in the amalgam glass ionomer cement group were greater than the composite with glass ionomer cement group. These values were statistically significantly different (p<0.001).
Absorbance values of the methylene blue in different solutions (calibration curve values) are in the Table 2 , the absorbed amount of methylene blue is in Table 3 , the methylene blue's molecular structure is in Fig. 1 , maximum absorption wavelengths obtained from the methylene blue surface area measurements are in Fig. 2 and the methylene blue calibration curve is in Fig. 3 .
The histomorphological structure differences of primary and permanent dentitions underline the importance of the microleakage observed particularly on the cervical walls in the former (17, 18, 19, 20, 21, 22, 23, 24) . For this reason, We were decided that the class V cavities bored into the buccals of primary teeth should be used in this study.
The in vivo microleakage phenomenon and the observation under laboratory conditions of the adaptation of the material into the cavity wall constituted the focal points of attention of several researchers for many years and a variety of methods were used for this purpose (2, 3, 7, 8, 25, 26) .
The most important difficulty in the in vitro examination of microleakage was in the imitation of mechanical and thermal stresses occurring within the mouth due to restoration materials utilised.
This problem was first raised by Nielsen et al who took a restored tooth from a tepid environment, placed it into iced water and observed the minute water droplets occurring between the filling and cavity walls (2, 28) .
This method, imitating the temperature changes in the mouth by applying extreme temperature changes to the restored teeth for given lengths of time in two extreme temperature differences, is being used in an extensive manner today. It made possible to examine under conditions close to in vivo values the microleakages created by the heat changers resulting from the processes called thermal cyclus depending on the physical properties of the filling materials used (27, 29) . For this reason, we applied the thermal cyclus to the specimens.
It should not be forgotten, however, that the dye retained by the dental structure or restoration materials constitutes a potential source of error and, for this reason, many researchers suggest that dyes having a particle diametre larger than that of the dentin tubule (1 to 4 µm) permitting the bacterial penetration (4, 29) .
In fact, in the studies of dye penetration, a dentin staining more different than the actual fissures between cavity walls and restoration materials were observed and the use was suggested by the researchers of a dye with a particle diameter equal to the bacterial size or somewhat smaller (around 2µm) (19, 30, 31, 32) . For this reason, we used in our study a 0.2% solution of the methylene blue molecule (one methylene blue molecule = 1.2nm 2 = 120A 0.2 ) of which the particle size is less than that of the bacterial one, which dissolves as monomer and dimer in an aqueous environment and of which the pH is adjusted to 6.98 with a phosphate and biphosphate buffer (16) .
Another important issue in the microleakage studies arises from the scoring systems. Since the evaluation in these studies largely depends on the observer's interpretation, the leakage scoring is at best a semi-measurable tecnique (4, 5, 6, 7, 8, 29, 33, 34) .
Various studies performed show that the dye leakages in different sections taken at different places of the restorations may show significant differences (5) . For this reason, the accuracy of a leakage study based on a single section made from a tooth may be erroneous.
The surface area measurement work revealed that the number of molecules adsorbed in group one with glass ionomer cement plus amalgam was 6.38 x 10 17 and higher than the count of 1.69 x 10 17 established in the group two where glass ionomer cement with composite was used.
Findings obtained in the previous dye leakage studies under a stereo microscope (4) and those developed from the biomolecular characteristics of methylene blue appear to be confluent.
It could be thought to be a disavantage that to be necessary with a chemist or some one with a significant chemical background for calculation of surface area of in the microleakage (34) .
It could be claimed that the values of 76.60 cm 2 for the group one, and 20.30 cm 2 for the group two are excessive at the first look. On the other hand, the explanation of this phenomenon may well be the rugosity porousness of the leakage areas and the tubular structure of the dentin (15) .
One gramme of active carbon with a porous structure (15) having a surface area of 1.500 m 2 , it may be contended that the values found in this study are not excessive.
Conclusions
Today there were no useful fully quantitative methods applicable for the microleakage determination; we have above indicated the amount of microleakage through quantification.
In the stereo microscope studies, the method is based on the interpretation of the leakage of dye on the cavity wall is defined as a semi-quantitative approach where the leakage is calculated solely at the surface where the section is made (4, 5, 6) .
In our method, the researcher's observation and interpretation do not come into play in the determination of microleakage quantity and all surfaces where a leakage occurs between the tooth and restoration material is quantitatively measured by a chemist.
Due to this study may be develop another new techniques for the surface and volume calculation in the areas where a marginal adaptation does not take place. Also using this tecnique in our study, shows that composite restorations that shows less microleakage than amalgam.
